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Complexing sorbents for wastewater purification
The new copolymer based on styrene and divinylbenzene with groups of nicotinamide and copolymers
based on isomers methacryloylaminobenzoic acids with 2-methyl-5-vinylpyridine are obtained by chemical
modification and radical copolymerization. The optimal conditions of synthesis were found out. Structure and
properties of the initial compounds and copolymers based on them have been studied by IR spectroscopy and
elemental analysis. The sorption properties of the synthesized polymers with respect to the ions of heavy and
transition metals were investigated.
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metals, transitional metals, static exchange capacity.
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Ⱥԑɵɧɞɵ ɫɭɥɚɪɞɵ ɬɚɡɚɥɚɭ ԛɲɿɧ ԕɨɥɞɚɧɵɥɚɬɵɧ ɤɟɲɟɧ ԕԝɪɚɣɬɵɧ ɫɨɪɛɟɧɬɬɟɪ
ɇɢɤɨɬɢɧɚɦɢɞ ɬɨɩɬɚɪɵ ɛɚɪ ɫɬɢɪɨɥ ɦɟɧ ɞɢɜɢɧɢɥɛɟɧɡɨɥ ɧɟɝɿɡɿɧɞɟ ɯɢɦɢɹɥɵԕ ɦɨɞɢɮɢɤɚɰɢɹɥɚɭ
ԥɞɿɫɿɦɟɧ ɠɚԙɚ ɫɨɩɨɥɢɦɟɪ ɠԥɧɟ ɪɚɞɢɤɚɥɞɵ ɫɨɩɨɥɢɦɟɪɥɟɧɭ ԥɞɿɫɿɦɟɧ ɦɟɬɚɤɪɢɥɨɢɥɚɦɢɧɨɛɟɧɡɨɥ
ԕɵɲԕɵɥɞɚɪɵɧɵԙ ɢɡɨɦɟɪɥɟɪɿɧɿԙ 2-ɦɟɬɢɥ-5-ɜɢɧɢɥɩɢɪɢɞɢɧɦɟɧ ɠɚԙɚ ɫɨɩɨɥɢɦɟɪɥɟɪɿ ɚɥɵɧɞɵ.
ɋɢɧɬɟɡɞɟɭɞɿԙ ɟԙ ɬɢɿɦɞɿ ɠɚԑɞɚɣɥɚɪɵ ɚɧɵԕɬɚɥɞɵ. Ⱥɥԑɚɲԕɵ ԕɨɫɵɥɵɫɬɚɪɞɵԙ ɠԥɧɟ ɨɥɚɪɞɵԙ ɧɟɝɿɡɿɧɞɟɝɿ
ɫɨɩɨɥɢɦɟɪɥɟɪɞɿԙ ԕԝɪɵɥɵɫɵ ɦɟɧ ԕɚɫɢɟɬɬɟɪɿ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɹ ɠԥɧɟ ɷɥɟɦɟɧɬɬɿ ɚɧɚɥɢɡ ԥɞɿɫɬɟɪɿɦɟɧ
ɚɧɵԕɬɚɥɞɵ. Ⱥɥɵɧԑɚɧ ɫɨɩɨɥɢɦɟɪɞɿԙ ɚɭɵɪ ɠԥɧɟ ԧɬɩɟɥɿ ɦɟɬɚɥɥ ɢɨɧɞɚɪɵɧ ɫɨɪɵɩ ɚɥɭ ԕɚɛɿɥɟɬɬɿɥɿɝɿ
ɡɟɪɬɬɟɥɞɿ.
ɌΟɣɿɧ ɫΫɡɞɟɪ: ɫɨɪɛɟɧɬ, ɯɢɦɢɹɥɵԕ ɬԛɪɥɟɧɞɿɪɭ, ɪɚɞɢɤɚɥɞɵ ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɹ, ɤɟɲɟɧ ɬԛɡɭ ԕɚɛɿɥɟɬɿ,
ɚɭɵɪ ɦɟɬɚɥɞɚɪ, ɚɭɵɫɩɚɥɵ ɦɟɬɚɥɞɚɪ, ɫɬɚɬɢɤɚɥɵԕ ɚɥɦɚɫɭ ɫɵɣɵɦɞɵɥɵԑɵ.
ȿ.ȿ. ȿɪɝɨɠɢɧ, Ȼ.Ɋ. Ɍɚɭɫɚɪɨɜɚ, Ɋ.Ʉ. Ⱥɲɤɟɟɜɚ, Ʌ.Ɇ. Ɍɭɝɟɥɛɚɟɜɚ
Ʉɨɦɩɥɟɤɫɨɨɛɪɚɡɭɸɳɢɟ ɫɨɪɛɟɧɬɵ ɞɥɹ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ
Ɇɟɬɨɞɚɦɢ ɯɢɦɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɢ ɪɚɞɢɤɚɥɶɧɨɣ ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɢ ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ ɫɨɩɨɥɢɦɟɪ
ɧɚ ɨɫɧɨɜɟ ɫɬɢɪɨɥɚ ɢ ɞɢɜɢɧɢɥɛɟɧɡɨɥɚ ɫ ɝɪɭɩɩɚɦɢ ɧɢɤɨɬɢɧɚɦɢɞɚ ɢ ɫɨɩɨɥɢɦɟɪɵ ɧɚ ɨɫɧɨɜɟ ɢɡɨɦɟɪɨɜ
ɦɟɬɚɤɪɢɥɨɢɥɚɦɢɧɨɛɟɧɡɨɣɧɵɯ ɤɢɫɥɨɬ ɫ 2-ɦɟɬɢɥ-5-ɜɢɧɢɥɩɢɪɢɞɢɧɨɦ. ɇɚɣɞɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ
ɫɢɧɬɟɡɚ. ɋɬɪɨɟɧɢɟ ɢ ɫɜɨɣɫɬɜɚ ɢɫɯɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɫɨɩɨɥɢɦɟɪɨɜ ɧɚ ɢɯ ɨɫɧɨɜɟ ɢɫɫɥɟɞɨɜɚɧɵ ɦɟɬɨɞɚɦɢ
ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ. ɂɡɭɱɟɧɵ ɫɨɪɛɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɩɨɥɢɦɟɪɨɜ
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɨɧɚɦ ɬɹɠɟɥɵɯ ɢ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɨɪɛɟɧɬ, ɯɢɦɢɱɟɫɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ, ɪɚɞɢɤɚɥɶɧɚɹ ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɹ, ɤɨɦɩɥɟɤɫ
ɨɛɪɚɡɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ, ɩɟɪɟɯɨɞɧɵɟ ɦɟɬɚɥɥɵ, ɫɬɚɬɢɱɟɫɤɚɹ ɨɛɦɟɧɧɚɹ ɟɦɤɨɫɬɶ.

Introduction
Treatment of waste water, liquids and gases
directed on decrease the negative impacts of human
economic activity on the environment connected with


application of ion exchange. The synthesis, research
and the use of chelating ion-exchange materialspolymer compounds with functional groups capable
for forming cheated compounds with metal ions is
one of the research areas.
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In a special interest are the new cost-waste or
low-waste and combined ion exchange purification
methods based on the use of promising ion
exchangers and ion exchange units [1-2].
The heavy metals are main pollutants of waste
water [3].
Heavy metals, especially cadmium, mercury,
lead, zinc accumulates in plants. Consumption of
plants, fish, water contaminated with heavy metals
are the main sources of these pollutants penetrate
into the humans body.
Therefore, the purification of waste-and
industrial water from toxic ions is significant task
[4-6]. In this regard the complexing sorbents are
perspective.
The range of ion exchangers is very broad but
the practical use of sorbents requires that they had
a high exchange capacity for metal ions,
satisfactory kinetics and dynamics of adsorption
and have mechanically and chemically stable.

The chelating polymers with ionic groups
capable to form chelate compounds with metal
cations are most perspective [7].
The purpose of this work is preparation of new
chelating ion exchanges and study of their sorption
properties with respect to ions certain heavy
metals.
Experiment
By
the
chemical
modification
of
chloromethylatedstyrene-divinylbenzene
with
famous analytical reagent – nicotinamide a spatial
structured ion exchangers are obtained.
The high mechanical strength, chemical and
thermal stability and resistance to oxidative
degradation, combining with sufficient activity in
the substitution reactions of the hydrogen atoms of
the styrene phenylnucleus with divinylbenzene
(DVB) allows to obtain a chelating ion exchangers.
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As an initial product the industrial samples of
chloromethylated copolymers of styrene with 2, 4,
8, 10% DVB gel and macroporous structure with a
chlorine content 17 - 21% was used.
To find the conditions for introduction of the
maximum number of nicotinamide groups into the
polymer the effect of solvents, the ratio of
chloromethyl groups and analytical reagent
duration
and
process
temperature
were
investigated. The degree of chloromethylated
copolymer conversion was studied by elemental
analysis. Among the used solvents, dimethyl-

ISSN 1563-0331



2

formamide was the most suitable. It allows to
obtaine the polymer with the highest content of
nicotinamide groups. Study the ratio of a reactive
components showed that the highest degree of
conversion is achieved in the presence of critical
excess of analytical reagent per one basis –mole of
chloromethylated copolymer of styrene and DVB.
The study of influence of temperature (Figure
1a) and heating time (Figure 1b) showed that the
highest degree of conversion is achieved at 1000C
(nitrogen content - 5.7%), the reaction runs during
7 hours.

KazNU Bulletin. Chemical series. ʋ1 (73). 2014

96
















Complexing sorbents for wastewater purification



Figure 1 – Dependence of the introducted nicotinamide groups quantity on the temperature (a)
and process duration (b)

Copolymers of o-, m- and p-MABK with 2methyl-5-vinylpyridine (2M5VP) obtained by
radical copolymerization MABK with 2M5VP at
equimolar ratios of the initial monomer mixture
(50:50
mol%),
initiator
concentration
dimethylazoizooildacids (DAA) 510-3 and
monomer 1,4 mol/l at 333K in ethanol and
dimethylformamide (DMF) were purified from
unreacted monomers by two fold reprecipitation of

DMF solution in ethyl acetate, followed by several
washing with acetone and then dried under vacuum
till constant weight. The obtained copolymers are
brown, soluble in DMF, ethanol, acetone and
aqueous alkaline solution.
The structure of metacryloilaminobenzoic
acids copolymer with 2-methyl-5-vinylpyridine
(MABA-2M5VP) can be schematically represented
as:

C H3
H2C

C

n

C = O

H2C

HCN

-C H 3

m

NH

COOH

Copolymers based on various isomers MABA2M5VP are the bulk, light brown colored materials
soluble in DMF, ethanol, acetone.
The structure of synthesized sorbents was
analized by IR spectroscopy. When interaction of
the chloromethylated copolymer with nicotinamide
the intensity of absorbtion bands (cm-1) of CH2 –
Cl - groups (1270 and 670) significantly reduced
and frequencies in range 3350, 3225 and 3160
appears. Also the bands at 1680 and 1610 cm-1
corresponding to amide I and amide II appears.
In the spectra of synthesized copolymers based
on MABA isomers with 2M5MR characteristic



absorption bands of (cm-1) COOH groups: valence
(1820), symmetrical (1405-1410), asymmetric
(1650) and deformation vibrations of NH-relations
(1340) were detected. The frequencies Ȟc=o are
presented at 1740cm-1. The spectrometry scale was
graduated by absorbtion bands of polystyrene film.
The accuracy of determination of wave number for
narrow bands in range 4000-2000 cm-1 was r 6
cm-1, and in range 2000-400cm-1 - r 3 cm-1. For
synthesized sorbent with nicotinamide group was
defined the static exchange capacity (SEC) for
some heavy metal ions (meq/ g) (Table 1):
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Table 1 –of sinthesized sorbent by heavy metal ions
SEC, meq/ g
Sorbent

The macroporousstructuredsorbent
with nicotinamide group

ɋd2+

Pb2+

Zn2+ Hg2+ Co2+ Ni2+

1,8

1,8

1,1

3

1,4

Cu2+
1,5

1,65

hydroxide precipitation. Figure 2 shows the
dependence of the synthesized by the cadmium,
lead, and zinc ions sorbent exchange capacity on
the pH of solution. The figure shows that with the
grows of pH the static exchange capacity (SEC)
(meq/g) increases and reaches of maximum
degrees for the Cd2+ ions at pH 5.9 (2.6 meq/g); for
Zn2+ ions at pH 5.7 (1.29 meq/g) and Pb2+ ions at
pH 4.7 (2.17 meq/g).

Results and discussion
Using chelating ion exchangers the most
favorable conditions for the formation of
complexes are created [7]. The dependence of the
metal ions exchange capacity on acid solutions
were studied. pH of the metal salt solutions was
changed from 3 to 8. A further increase of pH
leads to the formation of the corresponding metal

3,0
2,5

SEC meq/g

2,0

3

1

1,5

2
1,0
0,5
3

4

5

6

7

1 - ɋd2+; 2 - Pb2+; 3 - Zn2+

8

ɪɇ


Figure 2 – The dependence of the sorbent static exchange capacity with nicotinamide groups
at ɋd2+; Pb2+; Zn2+ ions on the pH of solution

These data show that polymer with nicotinamide groups has selectivity for cadmium ions.
An ion-exchange property of obtained
polyampholytes was studied for cations of copper,
zinc, nickel, cobalt, cadmium, and manganese at
different values of medium pH and concentration
of metal ions in static conditions. Exchange
capacity of the polyelectrolyte by metal ions was
determined by the difference in the concentrations
of metal ions in the equilibrium solution before and
after the trilonometric contact with the ion
exchanger. For determinion the equilibrium
exchange capacity of the copolymers the 0.05 N
solution of nitrate salts of metals in ammoniumISSN 1563-0331



acetate buffer solution with the pH range from 4 to
7was used. Ion content in the solution before and
after sorption was determined by complex metric
method with use of appropriate indicators. A
significant impact on the adsorption capacity of the
polymer has the location of the active group in the
phenyl ring of the copolymer. The polyamfolyte
based on MABA para-isomer has a higher SEC
than the ortho-isomer. This is quite understandable
since the access to the COOH-group in the paraposition is maximally facilitated. It was
experimentally proved that they are responsible for
formation of coordination relations with transition
metal ions (Figure 3).

KazNU Bulletin. Chemical series. ʋ1 (73). 2014

98

Complexing sorbents for wastewater purification

















̌

̍

p-MABA (1); m-MABA (2); ɨ-ɆȺBA (3); Ɇɟ2+ - Cu2+; the concentration of copper ions (ɚ); ɪɇ (ɛ).
Figure 3 – The dependence of the MABA-2M5VP polyampholytes sorption capacity on the concentration
of copper ions and the pH of the medium

When concentrations of the extracted substrate
increase with the ion exchange the process of
complexes formation results to compression of the
macromolecule. In this case the sorption proceeds
only on the surface of the macromolecular coil and
the diffusion of the growing component in the
inner layers of the copolymer due to steric factors
becomes difficult.
Data about changes in SEC of copolymers of
metacryloilaminobenzoic acids with 2-methyl-5vinylpyridine on solution pH showed that at low
pH the binding degree of metal ions is low (SOE
Cu = 0.5-2 meq/g at pH 2 and 3) then with the pH
increase the capacity rises sharply (to 2 - 2.6
meq/g) with following slowing down. The
maximal extraction of metal ions from solution is
achieved at pH 5-6. A further increase of pH
results to the formation of hydroxide precipitations


and basic salts. Therefore research at pH 7 do not
carried out.
Table 2 shows the SEC of MABA homopolymer and copolymer polyelectrolytes obtained
in optimal sorption conditions.
MABA
copolymers
with
2-methyl-5vinylpyridine have a higher sorption characteristics
than homopolymers. Exchange capacity of
copolymers higher than for of homopolymers in
1,1-3 times due to the additional complex
formation of pyridine nitrogen of 2-methyl-5vinylpyridine with metal ions. The high values of
SEC of polyampholytes for metal ions is caused by
side effects such as formation of insoluble
coordination-bounded forms of metal ions with
functional macromolecule groups during the
extraction process, the accumulation of metal ions
on the polymer surface.
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Table 2 – Chelating properties of polyampholytes with transition metal ions (pH = 5, CMe+ = 0.08 mol/ L)
SEC, meq/g
Polyelectrolyte

ɋu2+

Zn2+

Ni2+

Mn2+

Co2+

Cd2+

ɩ- MABA-2M5VP

8,08

6,33

3,37

2,43

2,27

4,28

ɦ- MABA-2M5VP

5,92

3,37

3,46

2,86

3,35

2,35

ɨ- MABA-2M5VP

4,32

3,54

2,70

1,84

1,67

1,53

Poly-ɩ- MABA

3,65

4,50

3,37

2,20

2,25

Copolymers have a high rate of ion exchange
and high sorption ability with respect to ɋu2+, Zn2+,
Ni2+, Mn2+, Co2+, Cd2+ ions, so can be used for
extraction, concentration and selective isolation
from solutions of transition metal ions. So, high
macromolecule mobility creates less steric
hindrance for metal ions sorption and complexing.
The optimal conditions for the process is found out
to have ligand : metal ion ratio = 1:6 and pH = 5-6.

1,15

SEC amount to 1,5 - 8,0 meq/g for these ions.
Conclusion
So, the new sorbent with nicotinamide groups,
copolymers based on MABA with 2M5VP isomers
was synthesized, also a new opportunity of their
uses for heavy and transition metal ions sorption
was investigated.
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